We present Gemini and Keck spectroscopic redshifts and velocity dispersions for twenty clusters detected via the Sunyaev-Zel'dovich (SZ) effect by the Planck space mission, with estimated masses in the range 2.3 × 10 14 M < M Pl 500 < 9.4 × 10 14 M . Cluster members were selected for spectroscopic follow-up with Palomar, Gemini and Keck optical and (in some cases) infrared imaging. Seven cluster redshifts were measured for the first time with this observing campaign, including one of the most distant Planck clusters confirmed to date, at z = 0.782 ± 0.010, PSZ2 G085.95+25.23. The spectroscopic redshift catalogs of members of each confirmed cluster are included as on-line tables. We show the galaxy redshift distributions and measure the cluster velocity dispersions. The cluster velocity dispersions obtained in this paper were used in a companion paper to measure the Planck mass bias and to constrain the cluster velocity bias.
INTRODUCTION
Massive galaxy clusters are sensitive cosmological probes (e.g. Allen et al. 2011 ), yet these are rare objects best found in all-sky surveys covering large volumes. The ROSAT All-Sky Survey (RASS, Truemper 1993 ) dates back to the early 1990s and has served the community as a workhorse since, providing hundreds of cluster candidates. A subsequent important step has been taken by the Planck satellite, launched on 2009 May 14. Planck detects clusters based on the SunyaevZel'dovich (SZ) effect (Sunyaev & Zeldovich 1970; Birkinshaw 1999; Carlstrom et al. 2002) , i.e. the distortion of the energy spectrum of cosmic microwave background (CMB) photons passing through the cluster due to inverse Compton scattering with hot electrons. Being independent of distance, the SZ signal does not suffer from cosmological dimming and it is proportional to the cluster mass. Benefiting from this, Planck extends the (X-ray) RASS catalog to higher redshift and contains a large fraction of massive objects of the type most prized for cosmological studies.
Planck has produced two all-sky cluster surveys through the SZ effect (Planck Collaboration et al. 2014 : the PSZ1 with 1227 candidates based on 15.5 months of data, and the PSZ2 with 1653 candidates from the full mission dataset of 29 months. Of the PSZ2 candidates, 1203 have been confirmed by ancillary data and 1094 have redshift estimates, in the range 0 < z < 1, with a mean redshift of z ∼ 0.25. The mean mass of the confirmed clusters over the whole redshift range is M Pl 500 = 4.82 × 10 14 M (see the definition of M Pl 500 below). The Planck collaboration has undertaken a large follow-up effort to confirm cluster candidates and measure their redshifts. The first optical follow-up was based on observations with the Russian-Turkish 1.5 m telescope (Planck Collaboration et al. 2015) and provided spectroscopic redshifts of 65 arXiv:1711.00021v1 [astro-ph.GA] 31 Oct 2017
Planck clusters. The second optical follow-up, based on observations with telescopes at the Canary Islands Observatories, yielded 53 cluster spectroscopic redshifts (Planck Collaboration et al. 2016c ). The Planck collaboration has also carried out X-ray validation programs with XMM-Newton (Planck Collaboration et al. 2011a , 2013 , where redshifts for 51 clusters were obtained from X-ray spectral fitting.
Our follow-up program presented in this paper includes the spectroscopic follow-up of 20 Planck cluster candidates with the Gemini and Keck telescopes (P.I. J.G. Bartlett and F.A. Harrison, respectively) . The goals of our programs were: (1) to confirm Planck SZ detections as clusters and measure their redshifts; (2) to estimate their masses using cluster galaxy velocity dispersions; and (3) to measure the Planck mass and velocity bias. We use SDSS (Sloan Digital Sky Survey; York et al. 2000) , and Palomar and Gemini imaging to select the cluster galaxies to target with spectroscopy.
In this paper, we describe our observations and publish the optical spectroscopy of cluster members, from which we derive the cluster redshifts and velocity dispersions. In a companion paper (Amodeo et al. 2017) , we use these observations to estimate the clusters' dynamical masses and calibrate the all-important relation between the SZ Compton parameter, Y , and mass.
The paper is organized as follows. In Section 2 we present our sample of Planck-selected clusters and describe the observing programs carried out at the Palomar, Gemini and Keck telescopes. A table describing all the targets observed with the Palomar telescope is given in Appendix A. In Section 3 we describe the spectroscopic redshift and galaxy velocity dispersion measurements. For clusters with a spectroscopic follow-up, we include figures of redshift histograms, optical images and SZ maps in Appendix B. Catalogs of cluster member galaxies with spectroscopic measurements are included as on-line tables. We illustrate the parameters published in the catalogs in Section 4 and give an example in Appendix C. In Section 5 we discuss our results in the context of optical identifications of Planck clusters.
Throughout this paper, masses are quoted at a radius R ∆ , within which the cluster density is ∆ times the critical density of the universe at the cluster's redshift, where ∆ = {200, 500}. We refer to the ∆ = 200 radius as the "virial radius", R 200 . Mass and radius are directly connected via
, where H z is the Hubble constant at the cluster's redshift.
DATA AND OBSERVATIONS
In this section we describe our spectroscopic observations with the Gemini and Keck telescopes, and the Palomar telescope imaging that was used to select cluster members. The details of each observing run (pre-imaging and optical spectroscopy) are listed in Table 1 .
Since it is well-known that early-type galaxies (ETGs) in clusters define a tight red-sequence up to redshift z ∼ 1.5 (Mei et al. 2009 ), and can be easily identified with respect to field background galaxies, we selected cluster members to follow-up with spectroscopy from optical and infrared imaging using a red sequence search method (Gladders & Yee 2000; Licitra et al. 2016a,b) . For most clusters, we used g and i filters for imaging, since the ETG (g − i) color is monotonic over the redshift range in which most of Planck clusters are detected, z < 1. We also observed the r band, when possible within our exposure time constraints, to obtain better photometric redshifts. For the candidates that appeared to be at z > 0.6 from their WISE imaging in the midinfrared (see the WISE analysis in Planck Collaboration et al. 2016b), we obtained near-infrared observations in the J and K bandpasses. For some of our targets, we could not obtain images at two different wavelengths and used SDSS photometry when available. Cluster members were selected as red sequence galaxies by their colors, using Bruzual & Charlot (2003) stellar population models and Mei et al. (2009) empirical red sequence measurements, following the cluster member selection technique described in Licitra et al. (2016a,b) , adapted for the bandpasses available for these observations.
Gemini Observations
The Gemini imaging and spectroscopic follow-up was performed with GMOS-N and GMOS-S at the Gemini-North and Gemini-South Telescopes, respectively, in the programs GN-2011A-Q-119, GN-2011B-Q-41, and GS-2012A-Q-77 (P.I. J.G. Bartlett). This sample consists of 19 Planck--detected galaxy clusters, 17 of which are part of the Planck PSZ2 catalog (Planck Collaboration et al. 2016b) , and one is published in the XMM-Newton validation follow-up of Planck cluster candidates (Planck Collaboration et al. 2013) . Two clusters are not part of the already published Planck papers: (1) PLCK G183.33-36.69 has a detection signal-tonoise ratio (S/N ) just below the Planck catalog selection threshold and (2) PLCK G147.32-16.59 is in the Planck cluster mask.
The goal of our Gemini program was to obtain a statistical calibration of the Planck SZ mass estimator. For this purpose, we mostly chose clusters that were detected with a Planck SZ S/N of about 4.5 σ or larger, distributed in the Northern and Southern Hemispheres, spanning a wide range in Planck SZ masses, 2 × 10 14 M M Pl 500 10 15 M , in the redshift range 0.16 < z < 0.44. In Figure 1 , we compare our sample to the full PSZ2 catalog. These histograms show that our selection has an average redshift larger than the PSZ2 catalog, and a mass range covering most of the mass range of the PSZ2 catalog. In fact, our sample has an average redshift of z = 0.37 and an average mass of M = 6.2 × 10 14 M , compared to the average PSZ2 redshift and mass of z = 0.25 and 4.8 × 10 14 M , respectively. The larger average redshift was chosen to cover most of the cluster members within ∼ R 200 in the field of view of the Gemini and Keck telescopes. The Northern sample was selected in the area covered by the SDSS, and we used the SDSS public releases and our GMOS-N pre-imaging in the r-band (150 s) to detect red galaxy over-densities around the Planck detection center. When unknown, we estimated the approximate cluster redshift using its red sequence to calculate the appropriate exposure times for the spectroscopic follow-up. For PSZ2 G139.62+24.18, PSZ2 G157.43+30.34 and PLCK G183.33-36.69, we used imaging obtained with the Palomar telescope. For the Southern sample, we obtained GMOS-S pre-imaging in the g and i-bands (200 s and 90 s integrations, respectively).
Our GMOS spectroscopic observations were reduced using the IRAF Gemini GMOS package and standard techniques. After co-adding the reduced exposures, we extracted one-dimensional spectra for the objects in each slitlet and initially inspected them visually to identify optical features such as the 4000Å break, G-band, Ca H+K absorption lines, and, rarely, [O II]λ3727 emission. We determined more precise galaxy redshifts by running the IRAF task xcsao. In Figure 2 , we show two Gemini/GMOS spectra of galaxies in the cluster PSZ2 G250.04+24.14.
The clusters that we followed-up with the Gemini telescopes are listed in Table 2 (see also Table 1 from Amodeo et al. 2017) . The mass calibration derived from the velocity dispersions of the clusters in this sample is discussed in Amodeo et al. (2017) , in which we measured the Planck mass bias and constrained the cluster velocity bias.
Keck Observations
We obtained spectroscopy of PSZ2 G085.95+25.23 on the nights of UT 2013 October 4-5 using the dual-beam Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) on the Keck I telescope atop Mauna Kea. These slitmask observations were obtained with the 400 mm −1 grism on the blue arm of LRIS (λ blaze = 3400Å), the 400 mm −1 grating on the red arm of LRIS (λ blaze = 8500Å), and the 5600Å dichroic was used to split the light. We obtained three 1200 s integrations on the first night through variable cloud cover, and two 1200 s integrations on the second night in photometric conditions. After some experimentation, we base our analysis on the single best exposure from the first night combined with the two exposures from the second night. The data were processed using standard techniques within IRAF, and flux calibrated using standard stars from Massey & Gronwall (1990) observed on the second night.
In Figure 3 , we show two Keck/LRIS spectra of galaxies in the cluster PSZ2 G085.95+25.23.
Palomar Optical and Infrared Imaging
The Palomar optical and infrared imaging, used to select cluster members, was obtained with a dedicated Planck follow-up program (PI: C. Lawrence) that included several runs. Our Palomar sample is presented in the Appendix, in Table A1 .
For the Palomar/WIRC data reduction, we preprocessed the images using a dedicated IRAF package noao.imred.ccdred. Master dark frames of different exposure times were constructed for each night of observation, and these were subtracted from science images of the corresponding exposure time. Dark-subtracted individual science images were then divided by the master flat image in the same filter. We tested two ways of constructing the master flat image: first, by combining dome flats after the dark correction (master domeflat) and, second, by median combining all science images (master skyflat). Since there was little difference between the two master flat images, we chose to use the master domeflat in the flat correction. Sky subtraction, bad pixel and cosmic ray masking, image aligning and combining were done using the IRAF package xdimsum 1 . Bad pixel masks were created from the master skyflat image by identifying bad, hot, or warm pixels significantly (> 20 σ) lower or higher than the average background. After calculating the shifting of the images that Histograms of the redshifts (left) and the masses (right) of our spectroscopic sample compared to the full PSZ2 catalog. These histograms are normalized to the total number of objects in each sample. We have selected cluster candidates with redshift z > 0.2 (with average redshift larger than the PSZ2 catalog), and larger average mass than the PSZ2 catalog, with cluster masses in the range 2.3×10 14 M < M Pl 500 < 9.4 × 10 14 M . The cluster mass shown here is the Planck mass proxy (Planck Collaboration et al. 2016b ).
were to be sky subtracted, we performed the sky subtraction correcting for bad pixels and cosmic rays. The six adjacent images were used to calculate the sky. Once the mosaic image was created, we created an object mask from the mosaic image, repeated the sky subtraction and combining process to obtain the final mosaic image as well as the exposure time map. Astrometric calibration was done using the 2MASS point source catalog as a reference through the IRAF package ccmap.
The optical Palomar/LFC data reduction comprised basic pre-processing (i.e., bias, dark, flat, crosstalk and overscan/trim correction), satellite trail removal, bad pixel and cosmic ray correction, and aligning and co-adding individual images to produce the final mosaic images. Since the LFC data were stored in a multi-extension fits (MEF) format, we mostly used the IRAF package mscred (Valdes et al. 1995) as well as ccdred for the analysis. The initial bad pixel masks were generated from the ratio between two flatfield images with different exposure times. After the bias, dark, flat, crosstalk and overscan correction using ccdproc, satellite trails in each image were identified using the IRAF task satzap and corrected. In addition, initial bad pixels and cosmic rays were identified using average sigma clipping. The updated bad pixel masks were converted to weight images used later in the coadding step.
Fringe correction was necessary for images taken with the i -band filter. The fringe effect is less noticeable in images with short exposure times (< 300 s), but the interference pattern significantly affects the background for longer exposures. For fringe correction, we first made an object mask and the resulting sky map for each image using the IRAF nproto.objmasks. Then the output sky maps were combined using mscred.sflatcombine to produce the response sky image, from which the median-filtered response was subtracted to derive the fringe pattern. Using the fringe pattern as the input in mscred.rmfringe, the fringes in i -band images were successfully divided out. After these corrections, astrometric calibration was done with ccmap using the USNO-B1.0 catalog as a reference. Then the images for each target were registered and mosaicked using the Terapix/Swarp software. The images were background subtracted, resampled, and combined to produce weighted means of the individual images for flux conservation. The weight images previously created from the final bad pixel masks were used.
Many of our Palomar nights were not photometric, and we could not obtain accurate photometric redshifts with only a few bandpasses. However, we could use SDSS and our Palomar images to select cluster member candidates for our Gemini spectroscopic observations.
CLUSTER CONFIRMATION AND SPECTROSCOPIC REDSHIFT MEASUREMENTS
We calculated the cluster redshifts and velocity dispersions using the ROSTAT software (Beers et al. 1990 ) with the biweight method (see Table 3 ). This is appropriate to our clusters where there are typically 20 confirmed members. We also report the dispersion σ G determined from the gapper estimator (as implemented in ROSTAT), which is to be preferred for clusters with fewer than 10-15 members (see Girardi et al. 1993 Girardi et al. , 2005 . We find that biweight and gapper estimates are perfectly consistent, with the absolute difference between the velocity dispersions calculated from the two methods being on average of (0.04 ± 0.14) sigma, and never higher then 0.5 sigma. Since the line-of-sight cluster velocity dispersion can be highly anisotropic, small galaxy samples lead to large systematic uncertainties, with estimated uncertainties of 10% (White et al. 2010) for samples with more than ∼ 10-15 galaxies like ours. a Also observed at Palomar, see Table A1 .
b Target PLCK G147.32-16.59 is confirmed in the XMM-Newton cluster validation (Planck Collaboration et al. 2013 ), but it is not included in the two Planck catalogues of SZ sources released so far.
We retain as possible cluster members the galaxies within 3σ of the average cluster velocity/redshift. Standard deviations are in the range 0.001-0.008 in redshift, for the clusters that we confirm, apart PLCK G147.32-16.59 that shows evidence for an undergoing merger event (see discussion below). Figures B1 and B2 show the redshift distributions of the cluster member galaxies (left), the optical image of the cluster with the selected members (middle), and the SZ maps in units of S/N (right), for the Northern and the Southern samples, respectively. We also present Gaussian fits to the redshift distributions in the left-hand panels.
The middle panels of Figures B1 and B2 show the optical pre-imaging, within the Gemini field of view of 5.5 × 5.5 arcmin 2 . Spectroscopically confirmed members are indicated by green circles. For PSZ2 G056.93-55.08 we visually observe three spatially separated galaxy groups, but all at the same redshift and within one virial radius. We derived the virial radius R 200 = (2.00 ± 0.05) Mpc from the SZ mass estimate of M Pl 500 = (9.4 ± 0.5) × 10 14 M 2 . At the cluster redshift, z = 0.443, 2 Mpc correspond to 5.7 arcmin in a Planck cosmological model (Planck Collaboration et al. 2016a) . We cannot obtain a separate mass estimate for each group because the Planck beam includes all the three groups and we do not have enough spectroscopic members of each group for deriving the group mass from velocity dispersions. Therefore, we consider the three groups as being part of a single cluster detection.
For all targets but PSZ2 G352.05-24.01, the red circled area is centered on the optical center of the cluster and has 2 See Appendix A in Amodeo et al. (2017) a 1 arcmin radius. The optical center was obtained as the brightest cluster member in the densest cluster region, following a modified version of the centering algorithm from Licitra et al. (2016a) . For PSZ2 G352.05-24.01, we used the coordinates of the X-ray center, marked with a red cross.
In the right-hand panels, we show the SZ maps with the same area enclosed by the black circles and centered on the optical position. The SZ maps have an angular resolution of 5 arcmin and are given in units of S/N . All the detections lie above S/N = 4.5, except for PLCK G183.33-36.69 with S/N = 2.
Masses and S/N were recalculated from a re-extraction of the SZ signal using the Matched Multi-Filter MMF3 (Melin et al. 2006; Planck Collaboration et al. 2011b , fixing the position to the optical position and varying the filter size. They are reported in Table 3 . The quoted S/N is the maximum across the various filter sizes at the optical position. The masses are obtained from the re-extracted SZ signal following the method described in Sec. 7.2.2 of Planck Collaboration et al. (2014) .
In Table 3 , we also show the number of detection methods from Planck Collaboration et al. (2016b) . The Planck selection function is very reliable (> 90%) for detections obtained with S/N > 4.5 by at least one detection method. For objects detected with all three detection methods, the probability of being a cluster is > 98% with S/N > 4.5 (Planck Collaboration et al. 2016b). In order to confirm each target as galaxy cluster, we combine this information with the probability that the galaxy redshift distribution is Gaussian, the characteristic distribution of a virialized cluster, from the Kolmogorov-Smirnov (K-S, e.g. Fasano & Franceschini 1987 ) and the Shapiro-Wilk (S-W, Shapiro & Wilk 1965) statistics, as well as the probability of a uniform distribution from a K-S test. The results of these tests are shown in the last three columns of Table 3 .
Eleven of our cluster candidates have > 98% probability of being a galaxy cluster, since they were detected with three detection methods and have S/N > 4.5. For these targets, the probabilities that the redshift distributions are Gaussian are almost always > 80% and the probabilities to be uniform always < 50% and mostly < 10%. Only one object, PSZ2 G139.62+24.18 at z=0.268, has a S/N = 9.5, which corresponds to a Planck reliability of being a cluster of ∼ 100%, but a K-S (S-W) probability of having a Gaussian redshift distribution of ∼ 50% (∼ 20%), and the probability of having a uniform redshift distribution of ∼ 20%. It shows a very luminous BCG at the center, and has 20 spectroscopically confirmed galaxies at the same redshift. All these elements lead us to believe that this is a galaxy cluster, and it was also confirmed as a cluster in the PSZ2 catalog. All the other ten targets are mostly likely galaxy clusters, and we assume that they are. Of those, we confirm three clusters that were not originally confirmed in the PSZ2.
The other cluster candidates that were detected with at least one detection method and S/N > 4.5 have a > 90% probability of being galaxy clusters. For these candidates, we assume that we confirm a cluster when the probability that their redshift distribution is Gaussian is > 95% (∼ 2σ). On the other hand, we do not confirm a cluster when the probability of a uniform distribution is > 50%. In fact, since the Planck detection and the galaxy redshift distribution are two independent events, we can multiply the Planck probability of not being a cluster (∼ 10%) by the probability of having a uniform distribution of galaxy redshifts. If this last is < 50%, the total probability that the candidate is not a cluster is < 5%. Among these last targets, three have a probability that their redshift distribution is Gaussian is > 95% (∼ 2σ), and we consider them as confirmed clusters. All three are new confirmation with respect to PSZ2. Three of the targets that were only detected by one method, though, and one candidate detected with two methods show less definitive results. We discuss these last cluster candidates in more detail below.
PLCK G147.32-16.59 was detected by one method with a high S/N (S/N ∼ 6), and its redshift distribution has a probability of ∼ 90% of being Gaussian; however, it also has a ∼ 10% probability of not being a cluster. With only 10 confirmed members, its confirmation is not very reliable, but it is more probable that it is a cluster or a group of galaxies than a uniform redshift distribution, and we consider it a confirmed cluster. XMM-Newton observations (Planck Collaboration et al. 2013) reveal two substructures in the X-ray surface brightness, indicating that it is undergoing a merger event (see also van Weeren et al. 2014; Mroczkowski et al. 2015) . Because of the undergoing merger, we have excluded this cluster from the analysis of the velocity dispersion-mass relation in Amodeo et al. (2017) . PLCK G183.33-36.69 was detected by one method with a S/N ∼ 2 (Planck reliability of < 70%), its redshift distribution has a K-S (S-W ) probability of ∼ 60% (∼ 5%) to be Gaussian, and a ∼ 1% total probability of not being a cluster. However, we can clearly see the two bright central galaxies in the Gemini image, and the cluster center is close to the border of the Gemini field. It seems to us that this cluster was not enough well centered in the Gemini imaging and spectroscopy to obtain a significant sample to confirm it, even if it has a larger probability to be a cluster or group of galaxies instead of an uniform galaxy distribution. The SZ flux gives a mass of M Pl 500 = 2.3 +0.7 −0.9 ×10 14 M , and its galaxy velocity dispersion is σ 200 = 842 +297 −451 km s −1 . We consider it as a confirmed cluster, and warn the reader about the larger uncertainty (with respect to most of the remaining sample) in the velocity dispersion measurement and its redshift distribution skewness, which both might indicate an unrelaxed dynamical state. We kept this cluster in our sample in Amodeo et al. (2017) because, due to the large uncertainty on the velocity dispersion measurement, it does not significantly weight on our final results. Table 3 . Columns from left to right list the cluster ID, our measured spectroscopic redshift, the new spectroscopic redshift estimates, redshift estimates obtained including the available redshifts in the SDSS DR14, the total number of galaxies with measured redshifts in the cluster field, the number of confirmed member galaxies, and our measured velocity dispersions using the biweight and the gapper methods (Beers et al. 1990 ). The next three columns give, respectively, the signal-to-noise ratio, the number of detection methods and the Planck mass proxy, as reported in the PSZ2 catalog (we calculated these numbers for the two objects not listed in the PSZ2 catalog). The last three columns list, respectively, the Kolmogorov-Smirnov (K-S) and the Shapiro-Wilk (S-W) statistics for the probability that the redshift distributions are Gaussian, and the K-S test for a uniform distribution. Figure B2 ). PSZ2 G251.13-78.15 was detected by one method with a S/N ∼ 4.8 (Planck reliability of ∼ 90%), its redshift distribution has a K-S and a S-W probability of ∼ 60% and ∼ 20%, respectively, to be Gaussian, and a ∼ 3% probability of not being a cluster. We consider it as a confirmed cluster, and again notice the larger uncertainty in its confirmation, mass and velocity dispersion estimates. This is a newly spectroscopically confirmed cluster. PSZ2 G272.85+48.79 was detected by two methods with a S/N ∼ 5 (Planck reliability of ∼ 92%). From the combined Planck and K-S gaussian probabilities, it has a 90% probability of being a cluster. On the other hand, from the combined Planck and K-S uniform probabilities, it has a 5% of probability of not being a cluster. According to our criteria this is at the limit of being confirmed as a cluster of galaxies. However, we assume it is confirmed, also considering that it is more massive than 10 14 M (e.g. Evrard et al. 2008 ). For PSZ2 G352.05-24.01, the redshift obtained from the X-ray analysis is z = 0.79 (Planck Collaboration et al. 2013 ), but we observe galaxies in a wider redshift range. In fact, we can distinguish two structures at z ∼ 0.8 and z ∼ 0.3, shown in blue and green, respectively, in Figure B2 . Both redshift distributions have a standard deviation of ∼ 0.08, much wider of what expected for a cluster of galaxies. This target is not a cluster of galaxies, and we have excluded it from the analysis of the velocity dispersion-mass relation in Amodeo et al. (2017) . PSZ2 G085.95+25.23, confirmed at z = 0.782 ± 0.010, is one of the highest redshift confirmed Planck clusters.
Newly confirmed clusters are labeled with the sign "+" in Table 3 .
SPECTROSCOPIC REDSHIFT CATALOGS
We provide the cluster catalogs as electronic documents, including the following parameters for each cluster galaxy:
1. the galaxy identification number ID 2. the J2000 right ascension R.A., in hours 3. the J2000 declination Decl., in deg 4. the measured spectroscopic redshift SPECZ 5. the error in spectroscopic redshift eSPECZ An example is shown in Table C2 for PSZ2G053.44-36.25.
DISCUSSION
In the context of the optical identification of Planck cluster candidates, our sample, although small, is chosen to have a wide range of mass with the aim of obtaining a statistical calibration of the Planck SZ mass estimator. In this section, we compare it with previous Planck cluster redshift measurements.
Eight of our targets are in the SDSS DR8 redMaPPer cluster catalogs (Wen et al. 2012; Rykoff et al. 2014 ). Five of them (PSZ2G108. PSZ2 G186.99+38.65, PSZ2 G216.62+47.00, ) have previous spectroscopic redshift measurements in agreement with our values.
Measurements of galaxy redshifts are available in the SDSS DR14 in seven of our fields. A search within two virial radii from the center of each of our clusters finds spectroscopic catalogs for galaxies in the following clusters (N gal, DR14 ): PSZ2 G053. , PSZ2 G081. , PSZ2 G186.99+38.65 (24), PSZ2 G216.62+47.00 (19). We included these redshifts and we recalculated the cluster redshifts and velocity dispersions with the same procedure (see Table 3 ). The redshift estimates do not change, while the uncertainties are smaller. Velocity dispersions are on average within (0.28 ± 0.17) sigma the values obtained with our measurements only, and never above 0.5 sigma. For the other targets, there are not public spectroscopic redshifts for single galaxies to our knowledge.
The Planck collaboration has undertaken two important optical follow-up programs to confirm Planck cluster candidates and to measure their redshifts. The first is based on observations with the Russian-Turkish 1.5 m telescope (Planck Collaboration et al. 2015 ) and provides spectroscopic redshifts for 65 Planck clusters. It includes our targets PSZ2 G139.62+24.18, for which they obtain a spectroscopic redshift of 0.268 consistent with our measurement, and PSZ2 G157.43+30.34, for which they find a photometric redshift of 0.45. Vorobyev et al. (2016) report on additional spectroscopic observations of the latter cluster from the 2.2-m Calar Alto Observatory telescope, obtaining z = 0.403 with an error of 1%, consistent with our value of z = 0.402 ± 0.006.
The second program, based on observations with telescopes at the Canary Islands Observatories (Gran Telescopio Canarias, Isaac Newton Telescope, William Herschel Telescope, Telescopio Nazionale Galileo, Nordic Optical Telescope, IAC80 telescope), provided 53 cluster spectroscopic redshifts, and is published in Planck Collaboration et al. (2016c) . Again it includes our target PSZ2 G139.62+24.18, for which they measure z=0.266 from 22 spectroscopically confirmed members, consistent with our value of z = 0.268 ± 0.005 obtained from 20 galaxies.
The Planck collaboration has also carried out X-ray validation programs with XMM-Newton (Planck Collaboration et al. 2011a , 2013 , where redshifts z Fe have been obtained from X-ray spectral fitting of the iron emission line. Targets PSZ2 G250.04+24.14 and PSZ2 G272.85+48.79 are analysed in Planck Collaboration et al. (2011a ), PSZ2 G235.56+23.29 in Planck Collaboration et al. (2012 , and PSZ2 G348. 43-25.50 and PLCK G147.32-16.59 in Planck Collaboration et al. (2013) . In all cases, XMM-Newton finds redshifts consistent with our values. Planck Collaboration et al. (2013) also includes the X-ray analysis of PSZ2 G329.48-22.67. They observe a double projected system at redshifts 0.24 and 0.46. In our GMOS analysis, we measure z = 0.249 ± 0.003 based on 16 spectroscopic members, with no detections at higher redshift.
Finally, Planck Collaboration et al. (2013) quote a redshift z Fe = 0.77 for PSZ2 G352.05-24.01. The authors give z Fe = 0.12, 0.40 as other possible solutions to the spectral fitting, but these are excluded from the comparison between the Xray and SZ properties of the source (Y X /Y 500 ). We observe a sparse galaxy distribution, with two (small) peaks with more than five galaxies, one with six galaxies at z = 0.798 ± 0.021 and the other with 11 at z = 0.334 ± 0.025. However, these large dispersions (∼ 3500 km/s at z=0.798 and ∼ 5600 km/s at z=0.334) do not confirm clusters of galaxies, and we do not consider this target as a confirmed cluster.
In conclusion, six of our clusters have spectroscopic redshifts from previous optical studies, seven have redshift measurements from X-ray spectral fitting. Their velocity dispersions are published in this paper for the first time. For the remaining seven clusters, spectroscopic redshifts and velocity dispersions are published in this paper for the first time.
CONCLUSIONS
This article presents spectroscopic redshifts and velocity dispersions for 20 Planck SZ clusters. We spectroscopically confirm 19 clusters with Gemini-North and GeminiSouth/GMOS, six of which were spectroscopically confirmed in this paper for the first time. We also confirm and measure the redshift and velocity dispersion of the Planck cluster PSZ2 G085.95+25.23 with Keck/LRIS spectroscopy, measuring a mean redshift of z = 0.782 ± 0.010, one of the Planck's highest redshift confirmed clusters. Eighteen of our clusters are included in the last released Planck SZ source catalog, PSZ2 (Planck Collaboration et al. 2016b) .
We provide online catalogs for each cluster spectroscopic member redshift (an example is shown in Table C2 ).
In a companion paper (Amodeo et al. 2017) we use the cluster galaxy velocity dispersions to measure the Planck mass bias, and to constrain the cluster velocity bias.
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